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(54) Optical disc recording apparatus and computer readable recording medium 



(57) An optical disc including: a data area storing 
one or more video objects; and a time map area storing 
time map information. Each video object includes a plu- 
rality of video object units. The time map information in= 
eludes a pair of a first time table and a second time table 
for each video object. Each first time table includes: ad- 
dresses of video object units in a corresponding video 
object; and indicators. The addresses are arranged in 
order and indicate storage positions of the video object 



units that correspond to reproduction points that differ 
by a predetermined time unit. The predetermined time 
unit is longer than a maximum reproduction period of a 
video object unit. The indicators specify the video object 
units which respectively correspond to the addresses. 
Each second time table includes an entry for each video 
object unit in the corresponding video object. The en- 
tries are arranged in order. Each second time table in- 
cludes a reproduction period and a data size of each 
video object unit. 
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Description 

BACKGROUND OF THE INVENTION 
...s. (1) Field of the Invention 

[0001] This invention relates to an optical disc used for recording video data, a recording apparatus, and a computer- 
readable recording medium recording a file management program. 

10 (2) Description of the Prior Art 

F00021 Recently, optical discs such as CD-ROMs and DVD (Digital Versatile Disc)-ROMs have been used for record- 
nq video data (also called AV data in this document) of movies or the like, as well as being used as secondary storages 
for computers. Currently, practical uses of DVD-RAMs are waited for due to general expectation that DVD-RAMs will 
15 be popular as the main recording medium of the next generation. 

r00031 First conventional DVD-ROMs are explained in terms of special reproductions. The special reproductions 
include fast forwarding or rewinding AV data at a speed n times as high as the normal reproduction speed (hereinafter 
such a speed is called n-speed). 
— 100041 The AV data to be-recorded in DVD-ROMs is compressed with S; «?ompression encoding method, at a variable 
To" bit rate to increase the compression rate. The "variable bit rate" means that the amount of compressed image data per 
one frame is variable. As a result, the amount of compressed data is not proportionate to the reproduction period 
When this happens, even if the coded AV data is read out at steady intervals, that is at every predetermined s.ze of 
the coded AV data the read-out AV data does not correspond to images to be sectioned per predetermined time period. 
[0005] To relate the amount of compressed data to the reproduction period, information of each special reproduction 
25 is inserted into necessary points in the AV data in DVD-ROMs. _ 

rOOOei More specifically, the AV data is compressed in compliance with MPEG2. Through the compress.on, informa- 
tion called NV pack which is unique to DVD is added to the start of each GOP. GOPs are sections which each have a 
period of 0.4 to 1.0 seconds. Exceptionally, an end of a VOB has a GOP of 1.2 seconds. Data included between one 
NV pack and the next NV pack is called VOBU (Video OBject Unit). 

r00071 Each NV pack includes 2K-byte information used for referring to adjacent NV packs. Each NV pack also 
ncludes data size of the first reference picture in a GOP. The information used for referring to adjacent NV packs .s 
composed of relative addresses of NV packs of VOBUs in the forward and backward directions of separated by a 
predetermined time period from the current VOBU, the relative addresses being obtained based on the start time code 
of the current VOBU. The predetermined time period may be one to 1 5, 20, 60, 1 20, and 240 seconds. 
r00081 Secondly, operations of special reproductions such as fast forwarding and rewinding are descr.bed. The spe- 
cial reproductions substantially at a steady speed are attained by reproducing only the reference pictures of VOBUs 
having a predetermined time interval in between, in accordance with the reproduction speed. To sequentially read out 
the VOBUs having a predetermined time interval in between, the information used for referring to adjacent NV packs 

in each NV pack is used. ■ . , • 

I-0009] A time search map is recorded in every time code that is arranged with a predetermined time .nterya I n 
between from the start of the AV data. The time search map indicates an address of a piece of AV data in the VOBU 
corresponding to the current time code. By referring to the time search maps, reproduction apparatuses can start 
reproducing the AV data starting from the specified time codes. 

[001 0] However, it has been impossible to apply the method of inserting the special reproduction information into AV 
45 data to real-time recording of data into recording mediums such as DVD-RAMs. 

[001 1] This is because in real-time recording of AV data, informaLion on a part of the AV data to be recorded from 
now on (e.g., addresses of NV packs in the backward direction) cannot be obta.ned. 

T001 21 Also it is possible to generate special reproduction information to be recorded in each NV pack after the AV 
data is recorded However, to record the generated information into an AV data storage area as NV pacte, the same 
so number of accesses to the disc as the number of VOBUs are required. This cannot be achieved in real time. 

r0O1 31 Some may thinkthat this problem will be solved by storing the AV data and the special reproduction information 
in different AV data areas. However, this solution has another problem that to store the special reproduction information 
in a main memory, the main memory should have a large capacity, where the storage of the special reproduction 
information in the main memory is necessary to execute the special reproductions at high speed. 
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SUMMARY OF THE INVENTION 

[001 4] It is therefore an object of the present invention to provide an optical disc recording apparatus for generating 
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special reproduction information of reduced amount while AV data is recorded onto the disc in- real time, and an optical 
disc onto which data is recorded by the optical disc recording apparatus. 

[0015] The above object is achieved by an optical disc including a data area and a time-map area, the data area, 
storing one or more video objects and the time map area storing time map information, where each video object includes 
a plurality of video object units, the time map information includes a pair of a first time table and a second time table ~ 
for each video object, each first time table includes: addresses of video object units in a corresponding video object, 
the addresses being arranged in order and indicating storage positions of the video object units that correspond to 
reproduction points that differ by a predetermined time unit, the predetermined time unit being longer than a maximum 
reproduction period of a video object unit; and indicators for specifying the video object units which respectively cor- 
respond to the addresses, and each second time table includes an entry for each video object unit in the corresponding 
video object, the entries being arranged in order and each including a reproduction period of a video object unit and 
a data size of the video object unit. 

[0016] With the above construction, the first time table has a small size since the first time table only records storage 
positions of video object units at predetermined intervals. For the second time table, it is not required to record a storage . 
position of each video object unit in relation with a reproduction point. The second time table also includes a reproduction 
period and a data size for each video object unit. As a result, the second time table has also a small size since the 
reproduction period is smaller than the data size in size. It is very easy to generate the second time table while data 
is recorded onto the disc since the second time table is recorded in units of video object units which are the unit of 

encoding. ■' , . ;.. 

[001 7] In the above optical disc, each first time table may include a plurality of first time maps which each correspond- 
to a different one of the reproduction points, each second time table may include a plurality of second time maps which 
each correspond to a different one of the plurality of video object units, each first time map includes: one of the indicators, 
the indicator indicating a second time map for a video object unit that corresponds to the reproduction point, an address 
of the video object unit that corresponds to the reproduction point, and difference information indicating a difference 
between the corresponding reproduction point and a reproduction start time of the corresponding video object unit, 
and each second time map includes time information indicating a reproduction period of a corresponding video object 
unit, and also includes a data size of the corresponding video object unit. 

[001 8] In the above optical disc, the time map information may include a time offset for each video object, each time 
offset indicating a difference between a first reproduction point during a reproduction of the corresponding video object 
and a start time of a first video object unit in the corresponding video object. 

[0019] With the above construction, it is possible to correct the time map information without difficulty by changing 
the value of the time offset even if the first part of a video object is cut by editing. 

[0020] The above object is also achieved by a recording apparatus including: an input unit for receiving video data 
in a time series; a compression unit for compressing the received video data to generate a video object which includes 
a sequence of video object units; a write unit for writing data onto an optical disc; and a control unit for controlling the 
write unit, where the control unit controls the write unit to write the generated video object onto the optical disc, generates 
a first time table and a second time table, and controls the write unit to write the generated first time table and second 
time table, each first time table including: addresses of video object units in a corresponding video object, the addresses 
being arranged in order and indicating storage positions of the video object units that correspond to reproduction points 
that differ by a predetermined time unit, the predetermined time unit being longer than a maximum reproduction period 
of a video object unit; and indicators for specifying the video object units which respectively correspond to the address- 
es, and each second time table including an entry for each video object unit in the corresponding video object, the 
entries being arranged in order and each including a reproduction period of a video object unit and a data size of the 
video object unit. 

[0021] With the above construction, the first time table has a small size since the first time table only records storage 
positions of video object units at predetermined intervals. For the second timetable, it is not required to record a storage 
position of each video object unit in relation with a reproduction point. The second time table also includes a reproduction 
period and a data size for each video object unit. As a result, the second time table has also a small size since the 
reproduction period is smaller than the data size in size. It is very easy to generate the second time table while data 
is recorded onto the disc since the second time table is recorded in units of video object units which are the unit of 
encoding. 

[0022] In the above recording apparatus, each first time table may include a plurality of first time maps which each 
correspond to a different one of the reproduction points, each second time tabje may include a plurality of second time . 
maps which each correspond to a different one of the plurality of video object units,, each first time map includes: one 
of the indicators, the indicator indicating a second time map for a video object unit that corresponds to the reproduction 
point, an address of the video object unit that corresponds to the reproduction point, and difference information indi- 
cating a difference between the corresponding reproduction point and a reproduction start time of the corresponding 
video object unit, and each second time map includes time information indicating a reproduction- period of a corre- 
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sponding video object unit, and also includes a data size of the corresponding video object unit. 
[0023] In the above recording apparatus, the time map information may include a time offset for each video object, 
each time offset indicating a difference between a first reproduction point during a reproduction of the corresponding 
video object and a start time of a first video object unit in the corresponding video object. 
5 [0024] With the above construction, it is possible to correct the time map information without difficulty by changing 
the value of the time offset even if the first part of a video object is cut by editing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0025] These and other objects, advantages and features of the invention will become apparent from the following 
description thereof taken in conjunction with the accompanying drawings which illustrate a specific embodiment of the 
invention. In the drawings: 

FIG.1 shows the appearance and the recording area of the DVD-RAM disc which is the optical disc of the present 
is invention described in the embodiment; 

FIG. 2 shows the cross-section and surface of a DVD-RAM cut at the header of a sector; 

FIG.3A shows the plurality of zone areas 0-23 and other areas provided on a DVD-RAM; 

FIG.3B shows a horizontal arrangement of the zone areas 0-23 and other areas; 

FIG. 3C shows logical sector numbers (LSNs) in the volume area; 
20 FIG. 3D shows logical block numbers (LBNs) in the volume area; 

FIG. 4 shows a hierarchical relation between zone areas, ECC blocks, and sectors; 

FIG. 5 shows a sector management table (space bit map) and a consecutive recording area management table 
recorded in the volume area; 

FIG. 6 shows a hierarchical directory structure of AV files and non-AV files; 
25 FIG.7 shows VOBs recorded as AV files "Moviel. VOB," n Movie2. VOB, M ...; 

FIG. 8 hierarchically shows the contents of the AV data management file "RTRW.IFO"; 

FIG. 9 shows logical relationships between the title search pointer table, PGC information table, and VOBs; 

FIG. 10 shows the data structure of the AV file, namely the VOB; 

FIG. 11 shows the data structure of the time map information corresponding to a VOB; 
30 FIG. 12 shows the logical relationships between the time map table and the VOBU table; 

FIG. 1 3 shows the time offset which shows a time difference between the start time of the VOB and the time of the 

first time map; 

FIG.1 4 shows the construction of a system including the optica! disc recording/ reproduction apparatus of the 
present embodiment; 

35 FIG. 15 is a block diagram showing the hardware structure of the DVD recorder 10; 

FIG. 16 shows a remote controller; 

FIG. 17 is a block diagram showing the construction of the MPEG encoder 2; 
FIG. 18 is a block diagram showing the construction of the MPEG decoder 4; 

FIG. 19 is a function block diagram showing the construction of the DVD recorder 10 based on the functions of the 
40 components; 

FIG. 20 shows a list of commands supported by the AV file system unit 103 and common file system unit 104 for 

the file management; 

FIG. 21 shows guidance images; 

FIG. 22 is a flowchart showing the recording process performed by the AV data recording unit 110; 
45 FIG. 23 shows an example of the GOP information; 

FIG. 24 is a flowchart showing the process of generating and recording the AV file management information by the 
AV file management information generating unit 112; 

FIG. 25 shows a time map table and a VOBU table generated based on the GOP information; 
FIG. 26 is a flowchart showing the process of an ordinary reproduction performed by the AV data reproducing unit 
50 1 30; 

FIG. 27 is a flowchart showing the reproduction process performed when the user specifies the start and end times 
in a title; and 

FIG. 28 is a flowchart showing the process of the special reproduction performed by the AV data reproducing unit 
1 30. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS ' 
(1) Optical Disc 

(1-1) Physical Structure of Optical Disc 

[0026] FIG.1 shows the appearance and the recording area of a DVD-RAM disc which is an optical disc. Asshown 
in the figure, the DVD-RAM disc has a lead-in area at its innermost periphery and a lead-out area at its outermost 
periphery, with the data area in between. The lead-in area records the necessary^reference signals for the stabilization 
of a servo during access by an optical pickup, and identification signals to prevent confusion with other media. The 
lead-out area records the same type of reference signals as the lead-in area. 

[0027] The data area, meanwhile, is divided into sectors which are the smallest unit by which the DVD-RAM can be, 
accessed. Here, the size of each sector is set at 2KB. The data recorded in the data area includes file system, man- 
agement information, AV data, AV data management file, and non-AV data. 

[0028] The file system management information includes a directory structure of the DVD-RAM disc, positions of the 
recorded files, and information of the state of data area assignment. The file system management information is used 
when files are created, written, read, or deleted. 

[0029] The AV data is recorded in units of files which respectively correspond to Video OBjects (VOBs). Each VOB 
is recorded into the disc by an optical disc recording apparatusin one consecutive recording. The contents of the VOBs 
are, for example, a whole or a part of a movie, or a whole or a part of a TV program. Each VOB is composed of a 
plurality of Video OBject Units (VOBUs). 

[0030] Each VOBU includes AV data corresponding to 0.4 to 1.2 seconds of reproduction. Each VOBU includes at 
least one GOP (Group of Picture) which is the image data section defined in MPEG2 standard. Each GOP includes at 
least one I (Intra) -picture defined in MPEG2 standard, where each GOP may also include P(Predictive)-pictures and B 
(Bidirectionally predictive)-pictures defined in MPEG2 standard. This enables independent reproduction of the GOPs. 
Especially, in special reproductions such as fast forwarding and rewinding, or reproduction at specified times, the I- 
pictures in the GOPs are extracted to be reproduced. Alternatively, the l-pictures are extracted as reference pictures 
for the P- or B-pictures to be reproduced. 

[0031] An AV data management file is a file used to manage the AV data in a DVD-RAM. The file includes one or 
more pieces of time map information which correspond to one or more VOBs. The time map information shows rela- 
tionships between the- reproduction points (times) and the storage positions of the AV files (i.e. VOBs). The time map 
information is used to convert arbitrary VOB reproduction times to VOB storage positions. The time map information 
has a hierarchical data structure. That is, the time map information includes a first time table and a second time table 
in a hierarchy. 

[0032] The first time table (also called a time map table or a TMAP table) includes: storage positions (sector ad- 
dresses: LSNs (Logical Sector Numbers)) of video object units in a corresponding video object, the reproduction points 
differing by a predetermined time unit (e.g., 60 seconds); and indicators for specifying the video object units which 
respectively correspond to the storage positions. 

[0033] The second time table (also called a VOBU table) includes an entry for each video object unit in the corre- 
sponding video object, the entries being arranged in order and each including a reproduction period of a video object 
unit and a data size of the video object unit. 

[0034] FIG. 2 shows the cross-section and surface of a DVD-RAM cut at the header of a sector. As shown in the 
figure, each sector is composed of a pit sequence that is formed in the surface of a reflective film, such as a metal film, 
and an uneven part. 

[0035] The pit sequence is composed of 0.4ujti-1 .87u,m pits that are carved into the surface of the DVD-RAM to 
show the sector address. 

[0036] The uneven part is composed of a concave part called a "groove" and a convex part called a "land". Each 
groove and land has a recording mark composed of a matal film capable of phase change attached to its surface. Here, 
the expression "capable of phase change" means that the recording mark can be in a crystalline state or a non-crys- 
talline state depending on whether the metal film has been exposed to a light beam. Using this phase change charac- 
teristic, data can be recorded into this uneven part. While it is only possible to record data onto the land part of an MO 
(Magnetic-Optical) disc, data can be recorded onto both the land and the groove parts of a DVD-RAM, meaning that 
the recording density of a DVD-RAM exceeds that of an MO disc. Error correction information is provided on a DVD- 
RAM for each group of 16 sectors. In the present embodiment, each group of 16 sectors that is given an ECC (Error 
Correcting Code) is called an ECC block 

[0037] On a DVD-RAM, the data area is divided into a plurality of zone areas to realize rotation control called Z-CLV 
(Zone-Constant Linear Velocity) during recording and reproduction. 

[0038] FIG.3A shows the plurality of zone areas provided on a DVD-RAM! As shown in the figure, a DVD-RAM is 
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a t„ ™p 23 Each zone area is a group of tracks that are accessed using 
divided into 24 zone areas numbered zone 0 to zone 23 Each zone a 9 Jhe f0tational angular ve ,ocity 

the same angular velocity. In this embod.menO each zone area c|QSer a zone area is loca ,ed 
of the DVD-RAM is set separately for each zone area J a constant velocity while performing 

^ - ™ * »"* ^ ^ ^ " 

^r^.^ ° f ,he ,ead - in area ' the ,ead - out area - and the zone area °' 23 that 

were shown in FIG.3A. f Defect Management Area) inside. The DMA records: 

[0 040] The lead-in ^^^J^^^^^A and replacement position information 
position information showing the posrtons ' « s |ocated in a replacement area, 

showing the positions of the sectors ^tCepScement area and an unused area are provided 

[0041] Each zone area has a user area on the ins de. and me rep gg g recordjng area 

LttheUundary between zone areas The^ 

r 0 rd o r s ^^ 

different positions in adjacent tracks at the zone ' ^undary bound aries between zone areas.-There-., 

[0042] in this way, sectors which are assigned to physical sectors of the 

Sore, on a DVD-RAM logical =e^or numbers (LSN • w o > ^ sectors used for wording data. 

ssr: r::s- rr s=-; s - -« « h ave be en ass^ 

corded to be used to deal with the disc as a ^^^^La records files. The logical block numbers 
the volume structure information is called .part ^J^™?^ area in ord er starting from the first sector. 
(LBN- Logical Block Number) are assigned to sectors of the Paranon a ^ ^ dfawing 

0045] F.Q.4 shows a hierarchical relation ^^^^^Z optical discs, areas in units of 
each zone area includes a pluralrty of ECC blocks. \ shouia ° e dj areas are assi gned to AV data so 

sectors are assigned to non-AV data, while ^ " ™^~££2£. of the AV data. Here, each consecutrve re- 
that each consecutive recording area secures ""'"^""^Jc bSte S« other words, each area is an integral multiple 
cording area is composed of consec ^^^^^i^^ recording area not outstepping 
of an ECC block) and has a predeterm.ned ( f ° U ™° udes a plurality of extents, the last extent may be smaller 
the boundary between zones H°weve. when the^ ^ date ."cUk^ P V recordjng ^ dQes ^ outstep th 
than the predetermined size. The reason why* » e tne rotation ang ular velocity of the optical 

boundary between zones is that an ■« £e J ch consecuti ve recording area is an integral 

disc, which will disturb the ^'^^^S^^iZ^ dealt with in the ECC process, 
multiple of an ECC block is that the ECC block is the ,mw con secutive recording area management 

[0047] The first layer shows the volume area i shown .n R G.3a Jhe sector areas are included 

0048] The second ^^^^^.^^^^Smap) showing the data assignment status 
In the partition area. T^«^ g£ ^bers O^The consecutive recordihg area man- 
for each sector is recorded in the sec or areas wm g recorded jn a fixed area. 

brrsrsf- ssr; « -» — — «~ 

already been assigned ; as ^ s P^' t . h m e a P onsecutive recording area management table shows areas in the partition 
[0050] As shown in the third layer, the consecutive recor y consecutive recording area management 

area having been assigned as consecutive recording areas^ Irv the FI05 , the cons ^ sjde o{ ^ 

facie is described as a table in format of a M ^nc.ud.ng entnes e e3,^^ ^ ^ shown 
table, entries' relative addresses (the nu ^ r 22^^?«2mpSeed of a start sector number (LSN), an end 
[0051] As shown in the drawing from left to r 'j£ " s °^ r nurnber and end sector number correspond 

bpTof^^^ 
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addresses. The pointer of the last entry has a value which indicates it is the last entry. : ' ' 
[0052] In the present example shown in FIG. 5, entry el is a consecutive recording area including consecutive sectors 
with sector numbers 6848 to 1 5983. The entry e1 has information (pointer) indicating thatthe next entry e2 is an^area 
starting from the 12 th byte. The other entries are similar to the entry el. In the present example, the entries e1 -e4 are 
formed by one consecutive recording area composed of consecutive sectors with sector numbers 6848 to 31983. This 
suggests that the AV data has been recorded four times and that a consecutive recording area was added each time 
the AV data was recorded. . . .. 

[0053] The space bit map column should be written in connection with the assignment of consecutive recording 
areas. For example, in an optical disc recording apparatus, areas assigned as the consecutive recording areas are 
indicated as the assigned areas also in the space bit map column. 

[0054] FIG. 6 shows an example of a file system of DVD-RAM in which AVdata and non-AV data files are recorded. 
[0055] In the drawing, ovals represent directories, and rectangles represent files. 

[0056] The. root directory branches to a directory "RTRW and two non-AV data files n File1 .DAT" and B File2.DAT. B 
The directory "RTRW branches to a plurality of AV data files "Moviel.VOB;. "Movie^VOB," :.. and an. AV data man- 
agement file " RTR W.I FO." As shown in FIG. 7, the AV data files "Moviel .VOB," ,, Movie2.VOB, n ... are stored in the data 
area respectively as VOBs, ■■ ' . 

(1.2) AV Data Management File 

[0057] FIG.8 hierarchically shows the contents of the AV data management file "RTBW.IFO 0 shown in FIG.6. As 
shown in FIG.8, the AV data management file includes a title search pointer table 810, an AV-file management table 
.820, and a PGC information table 830. FIG. 9 shows logical relationships between these tables and VOBs. 
[0058] The title search pointer table 810 includes a list of titles recorded in the DVD-RAM. Here, the titles may be 
programs recorded by users or may have been edited by the users. FIGs.8 and 9 show only title search pointers 811 , 
812, ... included in the title search pointer table. 

[0059] The title search pointers 811, 812, ... are pointers which indicate PGCs (or PGC information) corresponding 
to the titles. For example, the title search pointer 811 indicates PGC information 831 . Here, each PGC is formed of a 
plurality of arbitrary AV data sections of arbitrary VOBs, the sections being logically linked. Each piece of PGC infor- 
mation shows a logical relationship between the plurality of arbitrary AV data sections of arbitrary VOBs. 
[0060] The AV file management table 820 shows relationships between the reproduction points (times) and the stor- 
age positions of the AV files (i.e. VOBs). The table includes as many pieces of VOB information (VOB information 821, 
822, ... ) as the number of VOBs. 

[0061] Each of the VOB information 821 , 822, ... includes VOB general information and time map information. The 
VOB general information is information, such as a reproduction period, unique to each VOB. The time map: information 
shows relationships between the reproduction points (times) and the storage positions of the VOBUs. 
[0062] The VOB general information 821a includes an identifier of the current VOB and the reproduction period of 
the VOB. - : 
[0063] The time map information 821b includes the first time table and the second time table which have been de- 
scribed earlier. 

[0064] As shown in FIG. 9, the first time table (time map table) is composed of time maps #1, #2 :.. which include: 
storage positions (sector addresses) of VOBUs laid on a time axis whose start is a start time of the current VOB, the 
storage positions being arranged in order and corresponding to reproduction points that differ by a predetermined time 
unit (e.g., 60 seconds); and indicators for specifying the VOBUs which respectively correspond to the storage positions. 
[0065] The second time table (VOBU table) is composed of VOBU maps #1 , #2 ... which include: reproduction periods 
and data sizes of the VOBUs, the VOBU maps being arranged in the order of reproduction of the corresponding VOBUs 
starting from the start of the current VOB. 

[0066] The PGC information table 830 includes a plurality of pieces of PGC information 831, 832 ... 
[0067] The plurality of pieces of PGC information 831 , 832 ... are each a table which includes a list of video sections 
in VOBs, the sections being arranged in the reproduction order. The information specifying the video section are called 
cells. Each cell specifies a video section in a VOB by its start time and end time. Each piece of PGC information shows 
a logically linked video sections of AV data specified by the cells. 

[0068] Each of the cells 831a, 831 b, ... includes an AV file identifier, a VbB identifier, and a pair of a start time and 
an end time of a video section. 

[0069] Inthe example shown in FIG. 9, a sequence of AVdata cor responding to a title is identified following the coarse 
of: title search pointer 811 ->PGC information 831-»cells 831a to 831 c^ VOB information 821, 822^ VOBS #1, #2. In 
this example, the AV data corresponding to a title is composed of two VOBs #1, #2. The most simplest example of 
PGC information, such as the case of a newly recorded title, is represented as: one title— j-orie piece of PGC infbrma- 
tion-»one cell-»one piece of VOBinformation-->one VOB. In such a case; one title is composed of one VOB. 
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[0072] The lime map general inlorma ion 6210 ^ ^ a predetermined lime period 

sstj rrr^ — - ~ — - 

me slan lime el the eutrent VOB and the time ol th« > M .tm ™P- a,, arranoed h elder ol time 

,0.73, y*"™™'!'^^^ lha, is oblatned by addin 9 

VOBU mape in a *m"» "»* described above, the lime el the time map 8211 matoh.s the start lime 

SWJSftNS £2 Lmpt me"e, part ol the VOB is dei.ted by ed«n 9 , TM.OFS show, a value <*., 

^VlG-IS shows ete^oa, teiationships b.,»e^ 

SS^!!5S£ point of time map #i (also referred to as time map time) is represented as: 

TIME MAP TIME = (TMU*(i-1 )+TM_OFS). 
[0077] The time maps 8211, 8212, ... each include a VOBU map number, a time difference (also referred to as 

™ 7 r™™ — ds to - time map time ° f me t,me 

mOT^The TM DIFF 8212b is a time difference between the start time of the current VOBU and the corresponding 
time map time. The start time of VOBU #j is represented as: 

VOBU START TIME = (TMU*(j-1)+TM_OFS-TM_DIFF). 

rnnom Tho unRU ADR 821 2c is an address (a sector address of four bytes) indicating the start of a VOBU. 
K T he Volume ££o J a tab.e including VOBU maps 8231 , 8232. ... which respectively correspond to the 

Sfaai The reference picture size 8232a is a size of the first l-picture of a VOBU. The size 8232a is used for reading 

[ , LZTJSZ ? Sie performances of special reproductions and reproductions at specified times. 

a reference picture n the P eno ™ a ™* s £ * f wnicn a VOB U is reproduced. The time 8232b is rep re- 

and .'^ d ^^S^ result ma « cheS the time ° f the V ° BU COrresp ° ndin9 10 

detects the tar9et VOBU and then further detec,s the target ima9e 

m™.? Thl VO B BU size 8232c is a data size of a VOBU. The VOBU size 8232c having two bytes indicates the VOBU 
ES ^au^T^Zl size 8232c is used for detecting the size of the target image in the performances 
of special reproductions and reproductions at specified times. 
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(2) Recording/Reproduction Apparatus 

[0086] The optical disc recording/reproduction apparatus of the present invention is described with reference to the 
drawings. 

(2-1) Entire System 

[0087] FIG. 14 shows the construction of a system including the optical disc recording/ reproduction apparatus of the 
present embodiment. 

[0088] The system includes an optical disc recording/ reproduction apparatus 10 (also referred to as DVD recorder 
10), a remote controller 6 used for operating the DVD recorder 10, a DVD recorder display 12 connected to the DVD 
recorder 1 0, and an antenna 9. 

[0089] After the DVD-RAM disc is loaded, the DVD recorder 10 compresses the video/audio data which is included 
in the analog broadcasting waves which is received through the antenna 9, records the compressed data as AV.files 
into the DVD-RAM disc, expands the compressed video/audio data, and outputs the expanded video/audio signals 
onto a display 12. 

(2-2) Hardware Structure of DVD Recorder 10 

[0090] FIG. 1 5 is a block diagram showing the hardware structure of the DVD recorder 1 0. 

[0091] The DVD recorder 10 includes a control unit 1, an MPEG encoder 2, a disc access unit 3, an MPEG decoder 
4, a video signal processing unit 5, a remote controller 6, a bus 7, a remote controller signal receiving unit 8, and a 
receiver 9. 

[0092] The control unit 1 includes a CPU 1a, a processor bus 1b, a bus interface 1c, and a main memory 1d. The 
control unit 1 executes a program stored in the main memory 1d to control the entire DVD recorder 10 in terms of 
recording, reproducing, editing, etc. Especially, after an AV file (VOB) including AV data is recorded, the control unit 1 
generates VOB information and PGC information corresponding to the recorded VOB, and records or updates the AV 
data management file. Also, when the AV data is reproduced, the control unit 1 obtains, based on the VOB information, 
the address of a section specified by its start and end times in a cell included in the PGC information in the AV data 
management file shown in FIG. 9. The control unit then reads out and reproduces the section. Especially, in case of 
special reproductions, the control unit 1 refers to the VOB information to sequentially obtain addresses of reference 
pictures which are arranged at intervals of a predetermined period (e.g., 5 seconds or -5 seconds), for fast forwarding 
or rewinding. 

[0093] The MPEG encoder 2 compresses the video/audio data which is included in the analog broadcasting waves 
received through the antenna 9 and generates an MPEG stream. 

[0094] The disc access unit 3, having a track buffer 3a, under the control of the control unit 1, records the MPEG 
stream received from the MPEG encoder 2 into^the DVD-RAM disc via the track buffer 3a, reads out the MPEG stream 
from the DVD-RAM disc, and outputs the read MPEG stream to the MPEG decoder 4 via the track buffer 3a. 
[0095] The MPEG decoder 4 expands the compressed MPEG stream which is read out by the disc access unit 3,- 
and outputs the expanded video data and audio signals. 

[0096] The video signal processing unit 5 converts the video data output from the MPEG decoder 4 into video signals 
for the display 1 2. 

[0097] The remote controller signal receiving unit 8 receives remote controller signals from the remote controller 6 
and informs the control unit 1 of which operation the user has instructed. 

[0098] The DVD recorder 10 is, as shown in FIG.1 4, constructed based on the premise that it is used as a replacement 
for a VTR used at home. Not limited to the construction, when the DVD-RAM disc is to be used as a recording medium 
for computers, the following constructions are possible. That is to say, the disc access unit 3 is connected, as a DVD- 
RAM drive apparatus, to a computer bus via an IF called SCSI or IDE. Also, the components other than the disc access 
unit 3 shown in FIG. 3 are achieved or operated when the OS and the application program are executed on the computer 
hardware. 

[0099] FIG, 17 is a block diagram showing the construction of the MPEG encoder 2. As shown in the drawing, the 
MPEG encoder 2 includes a video encoder 2a, a video buffer 2b for storing the output of the video encoder, an audio 
encoder 2c; an audio buffer 2d for storing the output of the audio encoder, a system encoder 2e for multiplexing the 
encoded video data and audio data respectively stored in the video buffer 2b and the audio buffer 2d, an STC (System 
Time Clock) unit 2f for generating sync clock signals for the encoder 2, and an encoder control unit 2g for controlling 
and managing these units. ■*> ■' - 

[0100] The encoder control unit 2g sends information such as the GOP information and the picture information to 
the control unit 1 shown in FIG. 15 every time a VOBU is generated in the encoding. Here, the GOP information includes 
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the number of packs in the VOBU and the number of packs in the first l-picture in the VOBU. The packs men .oned 
here arVfor example video packs (V PACK) and audio packs (A_PACK) shown in FIG.1 0, each having a Axed length 
of 2KB ^ AccordTngly, in the present embodiment, the GOP information indicates the number of sectors ass.gned to the 
vnRU and the number ot sectors assigned to first l-picture in the VOBU. 

m°01] FIG 18 Isa block diagram showing the construction of the MPEG decoder 4. As shown in the drawing Ihe 
MPEG decoder 4 includes a demultiplexer 4a for dividing MPEG streams into video streams and aud.o streams, a 
v^deo buffer 4b for temporarily storing the divided video streams, a video decoder 4c for decoding the v.deo streams 
s ored in ^he video buffer 4b, an audio buffer 4d for temporarily storing the divided audio streams an aud» decoder 
la ^decoding the audio steams stored in the audio buffer 4d, an STC (System Time Cock ^^ff- genera ,ng , 
.vnc clock sienals an adder 4g for adding offset values to the sync clock s.gnals, and selectors 4h-4 1 for selecting 
7Zi sTgna. or a sync Cock signal added with an offset value and supplying the selected signal to the 
demultiplexer 4a, audio decoder 4e, and video decoder 4c, respectively. 

(P-3) Function Black Diagram 

F0102] FIG 1 9 is a function block diagram showing the construction of the DVD recorder 10 based on the functions 
of the components. Each function shown in the figure is achieved after the CPU 1a in the control unit 1 executes the 
oroaram in the main memory 1d to control the hardware shown in FIG.1 5. 

mioar As shown in FIG 19, the DVD recorder 10 is composed of a disc recording unit 1O0, ad.se reactag unit 101 
L f System unrtTo2 a recording/ editing/ reproducing control unit 105, a user IF unit 106, a control data management 
un 107 an AV data recording unit 110, an AV data editing unit 120, and an AV data reproducing unrt 130 
[0 04? The disc recording unit 100, on receiving a logical sector number and logical data in unrts of sectors from the 
me system unl 102, records the received logical data onto the disc. However, in reality, the d.sc recording unit 00 
ZZ ^writes the logical data in units of ECC blocks (each block composed of 16 sectors) from and onto the disc. 
[ f the logicaTdata has less than 16 sectors, the disc recording unit 100 reads the ECC block including the logical data. 
Axeeutes the ECC process, then writes the ECC block onto the disc. 

mi 05 1 The disc reSng unit 101 . on receiving a logical sector number and the number of sectors from the file system 
un it fo2 leads da a from the specified sectors and transfers the read data to the file system unit However. ,n reality, 
thTdisc reaSig unit 1 01 reads data in units of ECC blocks. After the read data is executed the ECC process, the disc 
reading unrt 01 transfers only necessary data in sectors to the file system unit. This is because by reading AV data 
" units J ECC bLks (each block composed of 16 sectors), overhead is reduced. This is the same wrth the disc 

[mo^VheVirsystem unit 102 includes an AV file system unit 103 for mainly writing and editing AV files, and a 
conSonl e lsteS 104 for executing processes common to AV files and non-AV files. The file system unrt 102 
onTceJTg commands trom the AV data recording unit 110, AV data editing unit 120, and AV ^aj^oduc.ng unrt 
?30 in relation to writing or reading files, manages files on the optical disc in units of sectors at the m n.mum. 
oToS Tn^ecoTdW editing/ reproducing control unit 105 controls the entire DVD recorder 10 More specifically, 
he control unu 05 controls disp lay of guidance which urges the user to operate, receiv es mtr £ Sata 

reactina to the guidance via the user IF unit 106. and, in accordance with the user instructions, requests the AV data 
recording unit^'o AV data editing unit 120. or AV data reproducing unit 130 to execute operations such as newly 
recording of AV data, and reproducing and editing of recorded AV data. _ !of ' e 

01 Offl The user IF unit 1 06 receives instructions for operations from the user v.a the remote controller 6. and informs 
the received user instructions to the recording/ editing/ reproducing control unit 105. 
[0109? The control data management unrt 107 reads the AV data management file which is non-AV data onto the 
4S main memorv 1d and provides information on request from any unit. . . • 

m 0 rS da.a recording unit 110, on receiving a recording request from the control unit 105, issues a command 
ecesU for Tenting the recording request to the AV file system unit 1 03. For this purpose, the AV data recording 
,.nit 110 includes an AV data input unit 111 and an AV file management informat.on generating unit 112. 
0 1 Th AVcita input unit 111 converts the video and audio signals to MPEG data. That is, the AV data input unrt 
so ° encodes the vSo and audio signals in realtime. The AV data input unit 111 outputs the encoded MPEG data to 
the system unit 103 so that the MPEG data is recorded in the disc as an AV file. In encoding the s.gnals, the 

J? dl input unit 111 calculates the number of packs in each VOBU and the number of packs in the f,st ^picture „ 
each VOBU in the MPEG data, and stores the calculated results in the memory (main memory 1d) as the GOP mfor- 
matton The AV data input unit 111 then sends the information to the AV file management informat.on generating unit 

" SrS^^ 9-erating unit 112, after an AV file is recorded in the disc by the AV 

data input unrt 111 generates VOB information. PGC information, and a title search pointer corresponding to the re- 
corded AV fne based on the GOP information stored in the memory. The generated information is used as AV file 
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management information. The AVfile management information generating unit 11 2 also updates the AV data manage- 
ment file stored in the control data management unit 107, and records the updated AV data management file onto the 
DVD-RAM disc via the file system unit 102. 

[0113] The AV data editing unit 120, on receiving an editing request from the control unit 105; issues a command 
necessary for achieving the editing request to the AV file system unit 103. 

[0114] The AV data reproducing unit 130, on receiving a' reproducing request from the cohtrol unit 1 05, issues a 
command necessary for achieving the reproducing request to the AV file system unit 103. 

, (2-4) Commands Executed by File system Unit 102 

[0115] Following are the commands supported by the file system unit 102. 
[0116] The file system unit 102 receives various commands from the control data management unit 1 107, AV data 
recording unit 110, AV data editing unit 120, AV data reproducing unit 130, and the recording/ editing/ reproducing 
control unit 105, and manages the files in accordance with the received commands. 

[0117] FIG. 20 shows a list of commands supported by the AV file system unit 103 and common file system unit 104 
for the file management The operations executed by the file. system unit 102 in response to the commands are de- 
scribed below. 

- CREATE: generate a new file on the disc, and return a file identification descriptor. — 
DELETE: delete a file from the disc. 

OPEN: obtain a file identification descriptor to access a file recorded on the disc. 
CLOSE: close an opened file: 
WRITE: record a file onto the disc. 
READ: read a file from the disc. 

SEEK: move inside a data stream recorded on the disc. 

RENAME: change a file name. 

MKDIR: generate a new directory on the disc. 

RMDIR: remove a directory from the disc. 

STATEFS: inquire about the current state of the file system. 

GET-ATTR: obtain an attribute of a file. 

SET-ATTR: change an attribute of a currently opened file. 

SEARCH DISCON: detect whether a specified section includes a discontinuous boundary (zone boundary), return 
"TRUE" if it includes the discontinuous boundary; and return "FALSE" if it does not include the discontinuous 
boundary. 

MERGE: merge two pieces of AV data on the disc into data in the memory. « 
SPLIT: split an AV file on the disc into two AV files. 

SHORTEN: delete unnecessary part (an edge part) of an AV file on the disc. 
REPLACE: replace a part of an AV file with data in the memory. 

[0118] The AV data recording unit 110, AVdata editing unit 120, and AV data reproducing unit 130 achieves processes 
such as recording, editing, and reproducing by using combinations of the above commands. 

(3) Recording/ Reproducing 

[0119] Now, the operations of the DVD recorder 10 is described in detail- The operations are: (3-1) Recording of AV 
Files, (3-2) Generating and Recording of AV File Management Information, (3-3) Reproduction of AV Data, (3-4) Re- 
production by Specified Time, and (3-5) Special Reproduction of AV Data: 

(3-1 V Recording of AV Files 

[0120] For recording video/ audio data, a manual recording and a programmed recording are available. The, manual 
recording immediately starts after the user presses the "Record" key on the remote controller and sets a few items for 
the recording. In the programmed recording, the start and end times of the recording is programmed by the user in ' 
advance. 

[0121] For example, when the user presses the "Record" key on the remote controller 6, the display-12 displays a. 
guidance image 200 as shown in FIG.21 under the control of the recording/ editing/ reproducing control unit 1 05; When 
the user presses "1" and "Selection" keys on the remote controller while the guidance image 200 is displayed on the 
screen, a guidance image 201 for setting recording conditions (in the present example, the "recording time" and "re-- 
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[0122] For setting the recording time, the user first moves the focus on the screen onto either "no limit or specrfy 
by operating the cursor button-on the remote controller 6, then presses "Selection" button. Here rf the user selects 
"specify/ the screen changes to a guidance image for urging the user to input a time by operating the ten key buttons. _ 
After the user specifies the time, the screen returns to the guidance image 201 . 

r01 231 The "recording quality" as a recording condition relates to the bit rate and resolution of the MPEG data and 
has three types- "high," "standard," and "time-ensuring." The "high-quality" has a bit rate of 6Mbps and a resolution of 
720*480 pixels! the "standard" has 3Mbps and 360*480 pixels; and the "time-ensuring" quality has 1.5Mbps and 

[0124] Here, suppose the user selects "no limit" and "time-ensuring" quality on the guidance image 201 , and then 
presses the "Record" button on the guidance image 202. 

r01251 When such selections are made, the recording/ editing/ reproducing control umt 105 .nstructs the AV data 
recording unit 110 to record as specified. On receiving the instruction, the AV data recording unit 110 starts a recording 

rOlSr FIG 22 is a flowchart showing the recording process performed by the AV data recording unit 110. 
[0127] In case of a manual recording, a notification that the user has pressed the "Record" button ,s sent to the 
recording/ editing/ reproducing control unit 105 via the user If unit 106. , . . 

r0128] On receiving the notification, the control unit 105 assigns a consecutive recording area having a size greate 
than the predetermined size (about 7MB) which has been described earlier (step 220). More spec, ically, the control 
unit 105 refers to the space bit map and the consecutive recording area management table to detect not-assigned 
consecutive sector areas. The control unit 105 then assigns a new consecutive recording area composed of the not- 
assigned consecutive sector areas to the recording. In doing so, when other AV data has already been recorded ,n the 
disc and when the AV data to be recorded continues from the existent AV data logically, the control iinrt 105 assigns 
a consecutive recording area that continues from the already-assigned consecutive recording area of the existent AV 

fo a i291 rt TheTecording/ editing/ reproducing control unit 1 05 sends a file identifier and a parameter indicating the "time- 
ensuring" quality spewed as fhe recording condition to the AV data input unit 111 . The AV data input unit 111 .nstructs 
the MPEG encoder 2 to start encoding the video and audio data of a predetermined channel received through the 
antenna 9 and transferring the encoded MPEG data to the track buffer 3a (step 221). 

rai30] The recording/ editing/ reproducing control unit 105 issues the CREATE command specifying the new^ as- 
signed consecutive recording area to the common file system unit 104 (step 222). On receiving the command the 
common file system unit 104 returns the file identification descriptor when it is poss.ble to create a file in the newly 

assigned consecutive recording area. ,i »u« aw ni~ 

r0131l While the above process is proceeding, the AV data input unit 111 issues the OPEN command to the AV file 
svstem unit 103 (step 223) to allow the AV file system unit 103 to store the file identification descriptor given by the 
control unit 1 05 and information on the file entry into a work memory (not illustrated) (the information stored in the work 
memory is also referred to as "Fd" (File descriptor). * , « u 

T01321 The AV data input unit 111 calculates and stores the number of packs in each VOBU and the number of packs 
n the first reference picture (l-picture) in each VOBU into the main memory 1d as the GOP information each t.me a 
VOBU is encoded. The AV data input unit 111 continues to perform this process until it recedes a stop instruction from 
the control unit 105 (step 224). FIG.23 shows an example of the GOP information. The drawing shows the GOP infor- 
mation stored in the main memory 1 d at the time VOBUs up to VOBU #22 have been encoded. It should be noted here 
that in the present embodiment, each VOBU includes video data of 1 5 frames (or 30 fields) which correspond to about 
0 5 seconds of reproduction. 

45 r0133] Furthermore, the AV data input unit 111 issues the WRITE command to the AV file system unit 103 every .me 
the track buffer 3a stores a predetermined amount of MPEG data (steps 228 and 229). Here rt .s presumed that the 
WRITE command is issued to the system unit 103 together with three parameters specified. The three parameters 
respectively indicate: the Fd having been opened by the OPEN command as described above, the size of data to be 
recorded- and a buffer (in this embodiment, the track buffer 3a) storing the data. The Fd specified by the parameter 
includes as the file entry does, information of a storage position of an extent and a length of the extent. The information 
represents the consecutive recording area assigned in the step 220. The Fd is updated every time a wnte is issued 
during the period between the opening and closing of the Fd. For the second or a subsequent ,ssue of the WRITE 
command, new data is additionally written, following the already-recorded data. 

f0134] On receiving the stop instruction (step 224), the AV data input unit 111 issues the WRITE command (step 
230) The AV data input unit 111 then issues the CLOSE command (step 231). The AV data input unit 111 further 
infonns the AV file management information generating unit 112 that a recording of an AV file (VOB) has ended (step 
232) to end the entire process. Note that the WRITE command is issued in step 230 to record onto the disc the rest 
of the data in the track buffer. Also, the CLOSE command issued in step 255 is command used to wr.te back the Fd 
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in the work memory onto the DVD-RAM disc as a file identifier, a file entry or the like on. the DVD-RAM disc. . . 
[01 35] In the example shown in FIG. 23, a manual recording case is described.; In case of the programmed recording, 
a notification that the "Record" button has been pressed is sent to the recording/ editing/ reproducing control unit T05 
via the user IF unit 106 together with a time specified for the programmed recording; The control unit 105 assigns a 
consecutive recording area corresponding to the specified time period. 

(3-2) Generating and Recording of AV File Management Information ::: < 

[0136] FIG.24 is a flowchart showing the process of generating and recording the AV file management information 
by the AV file management information generating unit 112. 

[0137] As shown in the drawing, the AV file management information generating* unit 112, on receiving from the AV 
data input unit 111a notification that a recording of an AVfile has ended (step 251), generates the VOB information 
based on the GOP information stored in the memory (main memory Id) by the AV data input unit 111 and also based 
on the VOBU numbers corresponding to the start address of the newly assigned consecutive recording, area storing 
the AVfile (step 252). (a) The VOB general information and the time map information including, as shown in FIG. 11 , 
(b)time map general information, (c) VOBU table, and (d) time map table are generated as follows.: 

(a) VOB General Information (VOB Identifier, VOB Reproduction Time) 

When an file management table has already been held in the control data management unit 107, the AV file 
management information generating unit 112 assigns a not-assigned VOB identifier (e.g., the next VOB identifier). 
When an file management table has not been held in the control data management unit 107, the AV file manage- 
ment information generating unit 112 assigns VOB #1 as the VOB identifier, obtains the reproduction time of the 
AVfile from the AVdata input unit 111, and generates the VOB general information' which includes these kinds of 
information. 

(b) Time Map General Information (Number of Time Maps, Number of VOBU Maps, TMU, TM_OFS) 

The AV file management information generating unit 112 calculates the number of time maps by dividing the" 
VOB reproduction time by the TMU which is set to 60 seconds, for example. The AV file management- information 
generating unit 112 then sets the number of VOBU maps to the number of VOBUs included in-the GOP information, 
and sets the TM_OFS to M 0 P (in case of a new recording). 

(c) VOBU Table (Reference Picture Size, VOBU Reproduction Time, VOBU Size)' ■■ * 

Since the GOP information shown in FIG.23 directly shows the reference picture sizes and VOBU sizes, the- 
AVfile management information generating unit 112 adds the reproduction time of each VOBU to the GOP infor- 
mation to generate the VOBU table. In the present embodiment, since each VOBU includes video data of 1 5 frames 
(or 30 fields), each VOBU is reproduced for about : 0.5 seconds (for 15 frame time periods). It should be noted here 
that since the reproduction time of the last VOBU in the AV file is different from the other VOBUs, the AV file 
management information generating unit 112 obtains the reproduction time of the last VOBU from the AV data 
input unit 111 to set the obtained time in the VOBU table. 

(d) Time Map Table (VOBU Map Number, Time Difference TMJDIFF, and VOBU Address) 

The AV file management information generating unit 112 adds up the VOBU reproduction times in the VOBU 
table in sequence. Every time the addition result matches a time which is an integral multiple- of the TMU, the AV 
file management information generating unit 11 2 detects a. VOBU that' : correspohds to the time. In this way, the AV 
file management information generating unit 112 obtains the VOBU map number corresponding to each time map,: 
and obtains the time difference TM_DIFF from the equation: 

TM_DIFF=(integral multiple of f MU)-(summation). 

The VOBU addresses are obtained by adding each VOBU size up to the tt VOBU map number" to the start address of 
the consecutive recording area, the start address being obtained from the AV data input unit 11 1 . 
[0138] After generating the VOB information as described above, the AV file management information generating 
unit 112 generates the PGC information of the title recorded by the AV data input unit 111 (step 253); In a programmed . 
recording, the AV data input unit 111 generates one VOBU. In such a case, the PGC information includes a single cell 
specifying the start time and end time of a VOB. : 
[0139] When the user pauses a recording, it is desirable that the different cells are generated to specify different: 
reproduction periods before and after the pause. This is because the AV data input unit 111 (MPEG encoder 2) comes 
to a full stop and that it is an important gap between images to the user. When this happens, the AV file. management 
information generating unit 112 generates two or more cells by obtaining the times at which the pauses start. . 
[0140] Also, the AV file management information generating unit 112 gene rates the title search pointer that indicates 
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loi^^ 9-rating unit 112 then issues the OPEN contend and the READ 

^In^eZySunn 102 to read an AVdata management file it the fi.e al ready ^ step 255). However, 
tZ ,M data management file may not be read when the control data management un,t 1 07 holds the f, e 
014* The AV fi?e managementinformation generating unit 112 updates the read AV data managemen f, le b y adding 
hi VOB informa on the PGC information, and the title search pointer generated in the steps 252-254 to the AV data 
r^^ 

anJ fh CLOSE command to the file system unit 102 to record (write) the updated AV data management fie onto the 
die step 257) W« operation, the process of generating and recording the AV file management information ends. 
Here ?2 'area is Assigned to the AV data management file in units of sectors since the AV data management fie ,s 

'Sum ' RG 25 shows a time map table and a VOBU table generated based on the GOP information shown in FIG. 
23 Un the "ffgure the TMU is set !o 5 seconds for the sake of conveniences. Also, the VOBU reproduction time ,s 
represented by the number of field times (1/60 seconds). 

(3-31 Reproduction of AV Data 

T01441 In the reproduction process, the guidance image 203 shown in FIG.21 is displayed when the user presses 
S and "Selection" batons on the remote controller while the guidance image 200 is displayed. When the user presses 
•V and "SeSn-blons while the guidance image 203 is displayed, the control 

title search pointer number) to the AVdata reproducing unit 1 30. In the present example, this lets the tie A be produced. 
[Si ,5 FIG S Z Sart showing the process of an ordinary reproduction performed by the AV data reproducing 

raiVef' In FIG 26, the AV data reproducing unit 1 30 refers to the AV data management file held by the control data 
management unit 07 for the sent title name (or title search pointer number) to obtain the PGC mformafon and the 
VO^TnfoTation (step 281). Also, the AV data reproducing unit 130 issues the OPEN command specrfymg an AV fi.e 

shown in the obtained VOB information to the file system unit 1 02 (step 282). _ 

SiTtI The AV data reproducing unit 1 30 then reproduces the title A by repeat.ng a loop rang.ng from the step 283 
to 290 the same number of times as the number of cells set in the PGC informat.on. 

0148] More specifically, the AV data reproducing unit 1 30 converts the start and end t.mes of the ceM to the start 
address (sector address) and the end address respectively by referring to the t.me map information ^step ,284) The 
AV data eproducrng un« 130 issues the READ command specifying the times to the file system unit 102 Th.s allows 
the Sc rea P Suni?i01 to start reading the data section in the VOB (corresponding to the cell) between the start and 

™ ^elv data reproducing unit 1 30 then decodes AV data in the track buffer 3a each time the track buffer 3a 
stores a L^diermTned amount of AV data until the reading of the current cell ends (steps 286-288). When the disc 
fading unrt 101 Lnds reading the cell, the AV data reproducing unit 1 30 decodes data in the track buffer 3a (step 289). 

wJT^^TJZZ ^e PGC information are decoded through the process described above, the AV 
Eeprolcing unit 130 issues the CLOSE command to the fi.e system unit 102 to end the reproduction process. 

(3-4^ Reproduction by Specified Time 

r0151] The "reproduction by specified time" is a reproduction performed when the user specifies the start time and 
Lnd I time within the range of the reproduction period of the title on the guidance image 205 shown ,n F.G ; 21 . 
mi 521 FIG 27 is a flowchart showing the process of the reproduction by specified time. ; 
To 53 S FIG 27 the AV data reproducing unit 1 30 refers to the AV data management file held by the control data 
mlnaqemen unit 07 for the sent title name (or title search pointer number) to obtain the PGC information and the 
VOB information (step 295). The AV data reproducing unit 130 further converts the start and end times specified by 
^ ulTxoZ s^nZZss and the end address respectively by referring to the time map information (step 296 . 
01 541 The AV data reproducing unit 1 30 issues the OPEN command specifying an AV file shown in the .obtained 
Vol intonation to the fife system unit 1 02 (step 297), The AV data reproducing unit 1 30 also issues the READ com- 
mand spedS the obtained start and end addresses to the file system unit 1 02. This allows the disc reading un,t 101 
to start reading the data section in the VOB between the start and end addresses. 

01M? ThVAV data reproducing unff 1 30 then decodes AV data in the track buffer 3a each time the track buffer 3a 
Sores a Irede^rmined amount AV data unti. the reading of the current cel. ends (steps 299-301 ), When the disc 
reading unft l 01 Tnds thereading, the AV data reproducing unit 130 decodes data in the track buffer 3a (step 502), 
and issues he CLOSE command to the file system unit 102 (step 303). The reproduction process ends with the step. 
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(3-5) Special Reproduction of AV Data 

[0156] The special reproduction process starts when the user presses the "Fast Forward" key or the "Rewinding" 
key on the remote controller 6, and ends when the user presses the "Play" key in the reproduction process shown in 
FIGs.26 and 27. 

[0157] FIG.28 is a flowchart showing the process of the special reproduction performed by the AV data, reproducing, 
unit 130. 

[0158] The AV data reproducing unit 1 30, on receiving a notification from the recording/ editing/ reproducing control 
unit 105 that the user has pressed the "Fast Forward" or "Rewinding" key, sets a skip time At for special reproduction 
(step 310). For example, the skip time At is set to °+1 second" for the "Fast Forward" key, and "-1 second" for the 
"Rewinding" key. The skip time At may be extended respectively by "+1 second" and "-1 second" when the "Fast 
Forward" or "Rewinding" key is pressed during the special reproduction. 

[0159] In the subsequent steps, the AV data/reproducing unit 1 30 pauses the'MPEG decoder 4, obtains the pause 
time "ts" from the MPEG decoder 4, and clears the track buffer 3a (steps 31 1-31 3). 

[0160] The AV data reproducing unit 130 then executes the process ranging from the step 315 to step 325 every, 
time the pause time "ts" is updated using the: skip time At until an instruction to end the special reproduction (e.g.,. 
pressing of the "Play" key) is entered. 

[0161] More specifically, when the updated time "ts" does not exceed the end time of the cell being reproduced, the ; 
AV data reproducing unit 130 refers to the time map information to identify a VOBU map that corresponds to the time 
"ts" (step 318), calculates the start address of the VOBU map by referring to the corresponding time map and the 
VOBU, and reads the reference picture size from' the identified VOBU map (step 319). When the updated time "ts" 
exceeds the end time of the currently reproduced cell and when there is a next cell, the AV data reproducing unit. 1 30 
updates the time "ts" to a time exceeding the start time of the next cell by a time obtained from a certain formula (steps 
31 5-317), then obtains the start address of the-VOBU and the reference picture size described above. 
[0162] The AV data reproducing unit 130 issues a SEARCH_DISCON_AV_BLK command to the file system unit 102 
specifying the obtained start address and the reference picture size indicating a data section (step 320). This command 
is issued to check whether a reference picture recording area outsteps a boundary such as a boundary between zones, 
that is, whether a reference picture recording area is a consecutive area or a discontinuous area (step 320).-When it 
is judged that the area is discontinuous, the AV data reproducing unit 1 30 detects a VOBU map adjacent to the current 
VOBU (step 322), and reads the start address and the reference picture size (step 323). 

[01 63] The AV data reproducing unit 1 30 issues the READ command specifying the read start address and reference 
picture size to the file system unit 102 (step 324). On receiving the command, the file system unit 102 stores- the * 
reference picture data specified by the command into the track buffer 3a. The : reference picture data is then reproduced 
by the MPEG decoder 4. 

[0164] The above -described process is repeated until an instruction to end the special reproduction is entered, with 
the time "ts" being updated by the skip time At in each of the repeated processes. When the instruction to end the 
special reproduction is entered (step 325), the AV data reproducing unit 130 ends the special reproduction process 
and returns to a former normal reproduction, that is, to step 283 shown in FIG.26 or step 296 shown in FIG. 27 (step 
326). in doing this, the time "ts" is set to the start time of the normal reproduction. 

[0165] As described above, reference picture addresses corresponding to times which differ. by the skip time are 
sequentially obtained in accordance with the time map information. Furthermore, the time map information include the 
time map table and the VOBU table in a hierarchical structure in which the reproduction times of all the VOBUs and 
their storage positions (sector addresses) are related to each other. With this construction, it is unnecessary for Jhe 
disc to record the reproduction times and storage positions (sector addresses) of all the VOBUs. This reduces the 
amount of data to be recorded in one disc, enabling video/audio data to be reproduced in realtime while the video/ 
audio data is recorded onto the disc. ' ■ 

[0166] In the present embodiment, as shown in FIG. 14, the DVD recorder 10 is constructed based on the premise 
that it is used as a replacement for a VTR used at home: However, not limited to the construction, when the DVD-RAM 
disc is to be used as a recording medium for computers, the following constructions are possible. That is to say, the 
disc access unit 3 is connected, as a DVD-RAM drive apparatus, to a computer bus via an IF called SCSI or IDE. Also,- 
the components other than the disc access unit 3 are achieved or operated when the OS and the application program 
are executed on the computer hardware. In this case, the disc recording unit 100, disc reading unit 101, and file system . 
unit 102 are mainly achieved as applications for enhancing the OS or the functions of the OS. Also, the other compo- , 
nents other than these are mainly achieved as functions of the application programs. The various commands supported 
by the file system unit 102 are equivalent to service commands, such as a system call command, provided to the 
applications. •- v \ * • 

[0167]. In the present embodiment, it is described that each AV file records one VOB. However, one AV file may 
record a plurality of VOBs. This is achieved, for example, by an arrangement in which' the AV data management file 
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4 =„h v/or included in AV files or offset addresses of the VOBs from the 
(RTRW.IFO) records and manages size of each VOB included in av mes 

start of the corresponding AV file. . vjdeo k jn wnich th e final data of 

Libia without departing from the seop. ot the present .nvenlton. 
10 Claims 

, W optic,, disc inotuding . d. .re. and a time ntap area. ,h. da, area storing one or more v«.o polenta and 
' uie time map area storing time map iniormation. wherein 

« a reprod.tion period o, a 

25 of the video object unit. 

2 The optical disc of Claim 1 , wherein 

each first time table indudes a plurality of firs, time maps which each correspond to a different one of the 
Second Stable includes a p.ura.ity of second time maps which each correspond to a dKferent one of 
the plurality of video object units, 

« ST» Z*»~ indicatin, a eeoond *» map to, a *teo ob,.et „n» ,ha, norr.aponde ,o 

a data e*e o. th. oorr.epond.ng video oP,.« un, 
3 The optical disc of Claim 2, wherein 

• a first video object unit in the corresponding video object. 
4. A recording apparatus comprising: 



30 



35 



40 



45 



50 



55 



sequence of video object -units; 

a write means for writing data onto an optical disc, and 

a control means for controlling the write means ^rein ontQ the tical disc , 



generates a 
time table and second time table, 
each first time table including: 
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addresses of video object units in a- corresponding video object, the addresses, being arranged in order and 
indicating storage positions of the video object units that correspond to reproduction points that differ by a 
predetermined time unit, the predetermined time unit being longer than a maxim urn? reproduction period of a 
video object unit; and ' •■■ *. f : 

s indicators for specifying the video object units which respectively correspond to the addresses, and 

each second time table including an entry for each video object unit in the corresponding video object, the 
entries being arranged in order and each including a reproduction period of a video object unit and a data size 
of the video object unit. 

to 5. The recording apparatus of Claim 4, wherein 

each first time table includes a plurality of first time maps which each correspond to a different one of the 
reproduction points, v : . ; 

each second time table includes a plurality of second time maps which each correspond to a different one. of . 
15 the plurality of video object units, - 

each first time map includes: »\ 

one of the indicators, the indicator indicating a second time map for a video object unit that corresponds to 
the reproduction point, 

an address of the video object unit that corresponds to the reproduction point, and-. 
20 difference information indicating a difference between the corresponding reproduction point and a reproduction 

start time of the corresponding video object unit, and 

each second time map includes time- information indicating a reproduction period of a corresponding video 
object unit, and also includes a data size of the corresponding video object unit., >.*;-;■' 

25 6. The recording apparatus of Claim 5, wherein 

the time map information includes a time offset for each video object, each time offset indicating a difference 
between a first reproduction point during a reproduction of the corresponding video object and a start time of. 
a first video object unit in the corresponding [video object: 

30 

7. A computer- readable recording medium storing a program to be read by a computer which receives video data in : 
a time series, compresses the received video data to generate a video object which includes a sequence of video , 
object units, and writes the generated video object onto an optical disc, the program instructing the computer to 
generate a first time table and a second time table and to write the generated tables into the optical disc, wherein 
35 the first time table includes: 

addresses of video object units in a corresponding video object, the addresses being arranged in order and 
indicating storage positions of the video object units that correspond to reproduction points that differ by a 
predetermined time unit, the predetermined time unit being longer than a maximum, reproduction period of a 
40 video object unit; and . . . . .. . 

indicators for specifying the video object units which respectively correspond to ; the addresses, and 
the second time table includes an entry for each video object unit in the corresponding video object; the. entries 
being arranged in order and each including a reproduction period of a video object unit and a data size of the 
video object unit. 

45 ,- ■ ..- / . 
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FIG. 13 
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FIG. 16 
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FIG. 24 
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FIG. 27 
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